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ABSTRACT 



Telecommunications network decision making (sucli as call 
admission and call congestion control) utilizes as input, not 
only information in the cell where the call is setup, but also 
cell condition information from cells which neighbor the cell 
where the call is setup. The cell condition information from 
neighboring cells is obtained even in situations in which the 
neighboring cell is controlled by another exchange, e.g., 
another radio network controller (RNC). In an illustrated 
embodiment, the cell condition information utilized by the 
decision making includes measured data taken over at least 
a multi-connection portion of cell, one example of which is 
radio interference information. The cell condition informa- 
tion utilized in the network decision making is transmitted 
between exchanges (e.g., between radio network controllers 
[RNCs] using common channel signaling. 
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TELECOMMUNICATIONS INTEREXCHANGE 
MEASUREMENT TRANSFER 

BACKGROUND 

[0001] This patent application is related to U.S. patent 

application Ser. No. , (attorney docket: 2380-45) of 

Wallentin filed simultaneously^ entitled "Telecommunica- 
tions Inter- Exchange Congestion Control", and and U.S. 

patent application Ser. No. , (attorney docket: 34648- 

404 USP'O filed simultaneously, entitled "System and 
Method used in a Mobile Telecommunications Network for 
Load Balancing Ongoing Calls between Different Base 
Station", both of which are incorporated herein by reference. 

[0002] 1, Field of the Invention 

[0003] The present invention pertains to cellular telecom- 
munications, and particularly to a transfer of measiu-ement 
information between exchanges of a mobile telecommuni- 
cations system. 

[0004] 2. Related Art and other Considerations 

[0005] In mobile telecommunications, a mobile station 
(MS) such as mobile telephone communicates over radio 
channels with base stations. Each base station usually trans- 
mits and receives signals over selected radio channels for a 
particular geographic region known as a cell. The cell often 
is subdivided into several sectors. Typically a plurality of 
base stations are connected to a base station controller node, 
also known as an exchange or a radio network controller 
node (RNC). One or more RNCs are, in turn, connected to 
or included with a mobile switching center (MSC). The 
mobile switching center is usually connected, e.g., via a 
gateway, to other telecommunication networks, such as the 
public switched telephone network or to a packet-data 
network such as the Internet. 

[0006] FIG. 1 shows a radio access network (RAN) 20 
which comprises radio network controllers (RNC) 22i and 
22 respectively connected to mobile switching centers 
(^^SC) 24i and 24^. Radio network controller (RNC) 22i is 
connected to base stations (BS) 26^ j, 26, 2, and 26, 3; radio 
network controller (RNC) 22^ is connected to base stations 
(BS) 262 1, 26^^, and 262 3. The radio network controllers 
(RNC) 22 1 and 22^ arc connected by an intcr-RNC transport 
link 32. 

[0007] In a code division multiple access (CDMA) mobile 
telecommunications system, the information transmitted 
between a base station and a particular mobile station is 
modiilated by a mathematical code (such as spreading code) 
to distinguish it from information for other mobile stations 
which are utilizing the same radio frequency. Thus, in 
CDMA, the individual radio links are discriminated on the 
basis of codes. Various aspects of CDMA are set forth in 
Garg, Vijay K. et al.. Applications of CDMA in Wireless/ 
Personal Communications, Prentice Hall (1997). 

[0OO8] In addition, in CDMA mobile communications, 
typically the same baseband signal with suitable spreading is 
sent from several base stations with overlapping coverage. 
The mobile terminal can thus receive and use signals firom 
several base stations simultaneously. Moreover, since the 
radio environment changes rapidly, a mobile station likely 
has radio channels to several base stations at the same 
moment, e.g., so that the mobile station can select the best 



channel and, if necessary, use signals directed to the mobile 
fi"om various base stations in order to keep radio interference 
low and capacity high. This utilization of radio channels 
to/from multiple base stations by a mobile station, such as 
occurs in a CDMA scheme for example, is termed "soft 
handover" or "macro diversity." 

[0009] At the moment shown in FIG. 1, and for reasons 
summarized above, mobile station MS is shown in FIG. 1 as 
having radio communication with two base stations, par- 
ticularly base stations 26^ 2, and 26 j 3. The lines 28, 2 and 
28^^ each represent a communication path. Specifically, line 
28 J ^ depicts both the radio channel from mobile station MS 
to base station BS 26j 2 and the land line link channel from 
base station BS 26^^ to radio network controller (RNC) 22 
line 28^ 3 depicts both the radio channel from mobile station 
MS to base station BS 26j 3 and the land line link channel 
from base station BS 26, 2 to radio network controller 
(RNC) 22i. In the case of both lines 28j 2 and 28, 3, the land 
line link is connected to a diversity handover unit (DHU) 30^ 
of radio network controller (RNC) 22^. 

[0010] Thus, as depicted with reference to FIG. 1, the 
mobile connection with mobile station MS potentially uti- 
lizes several "legs", each leg being represented by the lines 
283 ^ and 28, 3 in the case of mobile station MS of FIG. 1. 
As the overall connection between mobile station MS and 
any other party is viewed, the diversity handover unit (DHU) 
30, serves essentially both to combine and split the dififercnt 
legs utilized by a mobile station. The splitting occurs in the 
sense that information directed toward the mobile station is 
directed along the plural parallel legs to differing base 
stations. Information received from a base station may 
actually be obtained through several of the legs (e.g., from 
several base stations), in which sense the diversity handover 
unit (DHU) 30, serves a combining function. Operations 
performed by a diversity handover unit are understood, for 
example, with reference to copending U.S. patent applica- 
tions Ser. No. 08/979,866, filed Nov. 26, 1997 and entitled 
"MULTISTAGE DIVERSITY HANDUNG FOR CDMA 
MOBILE TELECOMMUNICATIONS", which is incorpo- 
rated herein by reference. 

[0011] FIG. 1 illustrates the simple case in which the 
different le^ of the connection, represented by lines 28, j 
and 28, 3, are for base stations BS all of which are connected 
to radio network controller (RNC) 22,. However, should the 
mobile station MS travel sufficiently to pick up signals from 
another base station, e.g., into or proximate a cell handled by 
another base station, such as base station BS 262^^, for 
example, a more complex situation occurs as shown in FIG. 
LA. 

[0012] The situation depicted in FIG. lA introduces the 
concept of a border 31 between groups of cells controlled by 
base stations which are, in turn, controlled by different 
RNCs. In FIG. lA, the mobile station MS communicates not 
only through the leg represented by line 28^^, but now also 
by the leg represented by line 282,,. The leg represented by 
line 282 , includes the radio link between mobile station MS 
and base station BS 262 ,, as well as the information 
pertinent to the mobile connection which is carried over 
inter-RNC transport link 32. 

[0013] Thus, in the situation depicted in FIG. lA, the 
mobile connection involving mobile station MS employs 
base stations belonging to differing radio network control- 
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lers (RNC). Such situation involves a different type of 
handover — an inter-RNC soft handover. Inter-RNC soft- 
handovers are made between two or several RNCs. In the 
particular situation shown in FIG. lA, an inter-RNC soft 
handover is made between radio network controller (RNC) 
22 J, which is also known as the "Source" RNC, and radio 
network controller (RNC) 22^, which is also known as the 
"Target" RNC. Radio network controller (RNC) 22^ is the 
Source RNC since it has cuaent control of the mobile radio 
connection. The Target RNC is an RNC, other than the 
Source RNC, that has, or has been decided to have, base 
stations utilized by the mobile radio connection. 

[0014] The inter-RNC transport link 32 which connects 
the radio network controllers (RNC) 22 1 and 222 facilitates, 
e.g., the inter-RNC soft-handovers. Inter-RNC transport link 
32 is utilized for the transport of control and data signals 
between Source RNC 22^ and Target RNC 222, can be 
either a direct link or a logical link as described, for 
example, in International Application Number PCTAJS94/ 
12419 (International Publication Number WO 95/15665). 

[0015] International Application Number PCT/FI94/ 
00038 (International Publication Number WO 95/20865) 
involves border base stations that are connection to two 
RNCs. When the mobile station becomes connected to at 
least one border base station, but no base station owned by 
the source RNC, the inter-RNC handover can occur. 

[0016] There are inter-exchange handover protocols speci- 
fied such as GSM Recommendation 09.02 "Mobile Appli- 
cation Part (MAP)" for GSM; 1S41 for AMPS/D-AMPS/IS- 
95; or INHAP for PDC. In the IS-41 specification, for 
example, inter-exchange transfer is specified for call related 
signal quality measurements on specified channels. The 
signal quality measurements is done by a base station 
controlled from a second exchange, and transferred to a first 
exchange where the call for a mobile station is controlled. 
The measurements are carried out only for a specific mobile 
station and arc used for obtaining a list of possible handover 
cell candidates for the specific mobile station from the 
second exchange. In this regard, see also International 
Applicadon Number PCT/US94/12419 (International Pub- 
lication Number WO 95/15665). 

[0017] In some telecommunications networks, the RAN 
also monitors the current usage of resources. In conjunction 
with such monitoring, the RAN can reconfigure connections 
(e.g., change the allowed usage of resources by a connec- 
tion, queue the connection, terminate the connection, or 
move the connection). 

[0018] Soft handovers, Inter-RNC handovers, and connec- 
tion configuring pertain to existing connections (e.g., exist- 
ing calls). A more fundamental issue occurs when a call is 
to be setup to or from a mobile station. Thai fundamental 
issue is whether the radio access network (RAN) should 
admit or reject the call. A reason for rejection of a call may 
be that there is a lack of system resources to serve the call. 
The function within the RAN that makes this admit/reject 
decision is generally called "admission control." Admission 
control is particularly important in generations of telecom- 
munications systenas which offer a variety of bearer services. 

[0019] Connection reconfiguring, therefore, does not 
address the fundamental issue of admission control. Rather, 
connection reconfiguring subsequently adjusts for "bad'' 



admission control decisions or for other factors that could 
not earlier be predicted (e.g., such as misbehavior by a 
mobile station, failures in the network, or other distur- 
bances). This connection reconfiguring is also termed "con- 
gestion control." 

[0020] A typical method for call admission and congestion 
control is based on a total power (e.g., interference) deter- 
mination performed by a base station to which a call is about 
to be set up. The total power determination involves sum- 
ming the power received from all mobile stations with which 
the base station is currently in communication. If the 
received power does not exceed a threshold, a call is 
accepted. Otherwise, the call is rejected. 

[0021] The prior art admission control procedure does not 
take into consideration measurements of received power in 
cells located across an exchange border. Yet, in some sys- 
tems such as CDMA, everyone essentially disturbs everyone 
else. For example, in CDMA where frequencies are reused 
in every cell, a call occasions not only radio interference in 
the cell in which the mobile station is currently located, but 
in neighboring cells as well. 

[0022] What is needed therefore, and an object of the 
invention, is a call admission technique which more com- 
prehensively determines radio interference. 

BRIEF SUMMARY OF THE INVENTIGN 

[0023] Telecommunications network decision making 
(such as call admission and call congestion control) utilizes 
as input, not only information in the cell where the call is 
setup, but also cell condition information from cells which 
neighbor the cell where the call is setup. The cell condition 
information from neighboring cells is obtained even in 
situations in which the neighboring cell is controlled by 
another exchange, e.g., another radio network controller 
(RNQ. 

[0024] The cell condition information is a value or other 
indication regarding multi -connect ion phenomena occurring 
in the cell, e.g., throughout the cell, and is not specific to any 
one connection. In an illustrated embodiment, the cell con- 
dition information utilized by the decision making includes 
measured data, one example of which is radio interference 
information. In this example, the decision making process 
considers not only radio interference information in the cell 
where the call is setup, but also radio interference informa- 
tion in cells which neighbor the cell where the call is setup 
(even in situations in which the neighboring cell is con- 
trolled by another exchange), 

[0025] The cell condition information utilized in the net- 
work decision making is transmitted between exchanges 
(e.g., between radio network controllers [RNCs]) using 
common channel signaling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The foregoing and other objects, features, and 
advantages of the invention will be apparent fi"om the 
following more particular description of preferred embodi- 
ments as illustrated in the accompanying drawings in which 
reference characters refer to the same parts throughout the 
various views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating the prin- 
ciples of the invention. 
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[0027] FIG. 1 and FIG. lA are diagrammatic views 
showing prior art management of a mobile connection 
relative to a Source radio network controller and a Target 
radio network controller. 

[0028] FIG. 2 is a diagrammatic views showing an 
example radio access network for Dlustrating a call admis- 
sion technique of the present invention, 

[0029] FIG. 3 is a schematic view of an example radio 
network controller (RNC) which operates in accordance 
with a mode of the present invention. 

[0030] FIG, 4 is a schematic view of an example base 
station (BS) which operates in accordance with a mode of 
the present invention. 

[0031] FIG. 5 is a flowchart showing basic steps included 
in preparation, transmission, and utilization of an Inter-RNC 
measurement message according to an embodiment of the 
invention. 

[0032] FIG. 6 is a diagrammatic view of an example 
format for a RNC INTERFERENCE MESSAGE according 
to an embodiment of the present invention. 

[0033] FIG. 7 is a flowchart showing basic steps included 
in one mode of a call admission technique of the present 
invention. 

[0034] FIG. 8 is a flowchart showing basic steps included 
in one mode of a congestion control technique of the present 
invention. 

[0035] FIG. 9 is a diagrammatic view of an example 
format for a cell interference table according to an embodi- 
ment of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0036] In the following description, for purposes of expla- 
nation and not limitation, specific details are set forth such 
as particular architectures, interfaces, techniques, etc. in 
order to provide a thorough understanding of the present 
invention. However, it will be apparent to those skilled in the 
art that the present invention may be practiced in other 
embodiments that depart from these specific details. In other 
instances, detailed descriptions of well known devices, 
circuits, and methods are omitted so as not to obscure the 
description of the present invention with unnecessary detail. 

[0037] The present invention provides efficient telecom- 
munications network decision making which utilizes as 
input, not only information in the cell where the call is setup, 
but also cell condition information from cells which neigh- 
bor the cell where the call is setup. The cell condition 
information from neighboring ceUs is obtained even in 
situations in which the neighboring cell is controlled by 
another exchange, e.g., another radio network controller 
(RNQ. 

[0038] The cell condition information is a value or other 
indication regarding multi-connection phenomena occurring 
in the cell, e.g., throughout the cell, and is not specific to any 
one connection. Therefore, cell condition information does 
not include channel or connection-specific information uti- 
lized, e.g., for soft handover for requesting a radio resource 
for a specific connection. 



[0039] An example of network decision making encom- 
passed by the present invention include caU admission and 
congestion control. In an illustrated embodiment, the cell 
condition information utilized by the decision making 
includes measured data, one example of which is radio 
interference information. In this example, the decision mak- 
ing process considers not only radio interference informa- 
tion in the cell where the call is setup, but also radio 
interference information in cells which neighbor the cell 
where the call is senip (even in situations in which the 
neighboring cell is controlled by another exchange). The 
decision making and techniques of the present example are 
discussed in the context of an example topography shown in 
FIG. 2. 

[0040] FIG. 2 shows a radio access network (RAN) 220 
which comprises exchanges or radio network controllers 
(RNC) 222j and 2222 respectively connected to mobile 
switching centers (MSC) 224^ and 2242. Radio network 
controller (RNC) 222 j is connected via links 225^ 225i 2> 
and 225j^ to base stations (BS) 226i i, 226^ 2, and 2261^3. 
Base stations (BS) 226, j, 226, 2, and 22 6^ 3 serve respective 
cells 227, i, 227 J 2, and 227i'3. Radio network controller 
(RNC) 2222 is likewise connected via links 2252 2252 2, 
and 2252^ to base stations (BS) 2262 2262,2* and 2262,3. 
Base stations (BS) 2262 j, 2262,2* 2262,3 serve respective 
cells 1272,j, 1272,2, 1272;3. An exchange border 231 is 
shown as separating a first group of cells served by base 
stations controlled by radio network controller (RNC) 222^ 
(i.e., cells 227, 227, 2» and 227, 3) and a second group of 
cells served by base stations controlled by radio network 
controller (RNC) 2222 (i.e., cells 2272,i, 2272^2, and 2273,3). 
The radio network controllers (RNQ 122, and 1222 are 
connected by an inter-RNC transport link 232. 

[0041] The radio network controller (RNC) 222 , and radio 
network controller (RNC) 2222 can be any type of exchange 
which hosts radio network control functionality for a num- 
ber of base stations. As such, radio network controller 
(RNC) 222, and radio network controller (RNC) 2222 can be 
either distantly located or collocated, and can even be 
collocated with the mobile switching centers (MSC) 224. 

[0042] It should also be understood that radio network 
controller (RNC) 222, and radio network controller (RNC) 
2222 can be, and likely are, connected to other radio network 
controllers (RNCs). Accordingly, additional inter-RNC 
transport linli 232 are shown. The inter-RNC transport links 
232 can be either direct links or links going via an other 
exchange, such as an MSC which has the connection with 
the fixed telephone network. 

[0043] An example radio network controller (RNC) 222 is 
shown in FIG. 3 as comprising a switch 240. Switch 240, 
which is controlled by RNC control unit 242, has a plurality 
of ports, some of which are connected to diversity handover 
unit (DHU) 230 and others of which are connected to 
various interfaces. Diversity handover unit (DHU) 230 is 
connected to a timing unit 241. The RNC control unit 242 is 
connected to each element of RNC 222. RNC 222 is 
connected to a signaling network via a signaling interface 
243. Signaling interface 243 is connected to RNC control 
unit 242. The interfaces connected to ports of switch 240 
include MSC interface unit 244; RNC interface unit 246; 
and base station interface units 248. MSC interface unit 244 
is connected to the appropriate mobile switching center 224. 
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RNC interface unit 246 is connected to inter-RNC transport 
link 232. Base station interface units 248 are connected to 
the set of base stations (BS) served by the RNC 222. 

[0044] An example base station (BS) 226 is shown in FIG. 
4 as comprising a switch 260. Switch 260, which is con- 
trolled by base station control unit 262, has a pitirality of 
ports. At least one, and typically several, of the ports of 
switch 260 are connected to respective transceiver (Tx/Rx) 
boards 264. Transceiver (Tx/Rx) boards 264 are connected 
to antennae which are located in the cell served by the base 
station (BS) 226. Control unit 262 is also connected to ports 
of switch 260, as is an terminal board 266. It is through 
terminal board 266 that base station (BS) 226 communica- 
tions with its radio network controller (RNC) 222, with link 
225 being connected between an appropriate base station 
interface unit 248 of the radio network controller (RNC) 222 
(see FIG, 3) and terminal board 266. 

[0045] In the example of FIG, 4, four transceiver boards 
(Tx/Rx) 264-1 through 2644 arc shown, each being associated 
with a respective antenna 274^ through 274^, respectively. 
Antennae antenna 274^ through 2744, serve sectors 284 j 
through 2844, respectively, of a cell 290. It should be 
understood that the number of sectors and number of trans- 
ceiver boards (Tx/Rx) 264 is not critical to the present 
invention, nor even is sectorization of a cell necessary. 
Typically a base station has three to six sectors and one to 
three frequencies (depending on the call capacity to be 
served by the base station), but the invention is not limited 
to cell sectorization or use of multiple frequencies. 

[0046] The particular example embodiments of radio net- 
work controller (RNC) 222 shown in FIG. 3 and base station 
(BS) 224 shown in FIG. 4 happen to be ATM-based nodes. 
In this regard, both switch 240 of radio network controller 
(RNC) 222 and switch 260 of base station (BS) 224 are, in 
the illustrated example embodiments, ATM switches 
through which ATM cells are directed. It should be under- 
stood that the present invention is not limited to the par- 
ticular architectures of the example radio network controller 
(RNQ 222 and base station (BS) 224 shown, nor the use of 
ATM switches, but that other architectures and data transfer 
techniques can be employed within the scope and spirit of 
the present invention. 

[0047] The comprehensive call admission technique of the 
present invention, which considers radio interference in cells 
neighboring the cell in which the call is setup, has basic steps 
which are depicted in FIG. 5. The flowchart of FIG. 5 
concerns an example scenario described in the context of the 
network topology of FIG. 2. 

[0048] Step 5-1 shows the transceiver boards (Tx/Rx) 264 
of base station (BS) 2263 j measuring (with respect to each 
frequency) the total power received (over all connections) 
from the various mobile stations with which the transceiver 
boards (Tx/Rx) 264 are in radio communication. For each 
frequency, each transceiver board (Tx/Rx) 264 periodically 
sends a power received message U) its BS control imit 262, 
as indicated by arrow 5-2 in FIG. 5. The power received 
message depicted by arrow 5-2 includes an identification of 
the radio frequency reported and an indication of the mea- 
sure of the received power for that radio frequency. As step 
5-3, BS control unit 262 performs, at regular intervals, a 
calculation of an average value of the received power (e.g., 
interference) over the interval. Received interference is the 



same as received power, e.g., the power received at base 
station (BS) 226 from all mobile stations with transmis- 
sions sufficiently strong to be deteaed by base station (BS) 
226,.,. 

[0049] Thus, the average total received power throughout 
the cell as calculated by BS control unit 262. Average total 
received power is but one example of cell condition infor- 
mation. Other examples of cell condition information can 
include cell status (up/down) and transmitted power from 
the base station per firequency. 

[0050] At the end of each interval, the measurements of 
average interference values obtained at step 5-3 are sent 
from BS control \mit 262 of base station (BS) 2262 ^ to radio 
network controller (RNC) 2222 ^^^^ ^^^2,1 • Arrow 5-4 
in FIG. 2 and in FIG. 5 show the transmission of an BS 
AVERAGE INTERFERENCE MESSAGE sent from base 
station (BS) 226^ j to radio network controller (RNC) 2222- 
The BS AVERAGE INTERFERENCE MESSAGE con- 
tains, e.g., a value of the total received power for each sector 
and frequency. The BS AVERAGE INTERFERENCE MES- 
SAGE is routed through radio network controller (RNC) 
222 to its RNC control unit 242. 

[0051] RNC control unit 242 of radio network controller 
(RNC) 2222 receives BS AVERAGE INTERFERENCE 
MESSAGES from several, if not all, of the base stations 
(BS) controlled by radio network controller (RNC) 2222. As 
discussed above, base station (BS) 2262 j sent the BS AVER- 
AGE INTERFERENCE MESSAGE depicted by step 5-4. In 
the context of FIG, 2, for example, radio network controller 
(RNC) 2222 may receive another BS AVERAGE INTER- 
FERENCE MESSAGE, depicted by step 5-4', from base 
station (BS) 2262,3. The BS AVERAGE INTERFERENCE 
MESSAGE (step 5-4') from base station (BS) 2262 3, would, 
of course, contain comparable types of measurements con- 
ducted by base station (BS) 2263^3 with respect to the 
connections with which it is engaged. 

[0052] As it receives the BS AVERAGE INTERFER- 
ENCE MESSAGES (e.g., step 5-4 and step 5-4') from 
potential plural base stations, RNC control unit 242 of radio 
network controller (RNC) 2222 prepares a unique RNC 
INTERFERENCE MESSAGE for transmission to each of 
the other RNCs having cells adjacent to cells controlled by 
radio network controller (RNQ 2222- For example, radio 
network controller (RNC) 2222 knows that its cells 2272^1 
and 227^ 3 lie along border 231 with cells belonging to radio 
network controller (RNC) 222^. Therefore, as shown by step 
5-5 in FIG. 5, radio network controller (RNQ 2222 prepares 
an RNC INTERFERENCE MESSAGE for transmission to 
radio network controller (RNC) 222^, which RNC INTER- 
FERENCE MESSAGE includes interference values from 
base station 2262^1 (located in cell 2272^0 and base station 
226 (located in cell 227^ 3). A comparable RNC INTER- 
FEltfeNCE MESSAGE is prepared by radio network con- 
troller (RNC) 2222 transmission to another radio network 
controller (RNQ 222, such comparable message having 
measurements from base stations serving cells lying along a 
border with cells served by such other radio network con- 
troUer (RNC) 222. 

[0053] An example format for the RNC INTERFERENCE 
MESSAGE can be as shown in message 600 of FIG. 6. The 
RNC INTERFERENCE MESSAGE 600 has N*2+2 octets 
of data. The first octet bears an indication of message type, 
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i.e., that this message is an RNC INTERFERENCE MES- 
SAGE rather than anolher type of message transmitted on 
iDter-RNC link 232. The second octet of RNC INTERFER- 
ENCE MESSAGE 600 contains a value N indicative of the 
number of neighboring cells in the sending RNC (e.g., radio 
network controller (RNC) 212^ for which interference 
values are being reported in this RNC INTERFERENCE 
MESSAGE 600. It is this value N that determines the length 
of the RNC INTERFERENCE MESSAGE 600 in accor- 
dance with the foregoing relation. The remaining octets in 
RNC INTERFERENCE MESSAGE 600 are paired, with a 
first octet of each pair providing an identity of a cell and the 
second octet of each pair providing an interference value for 
the respective cell. In the scenario depicted in FIG. 2 and 
FIG. 5 (wherein a call setup request is made from cell 
227j 3), for example, the third octet of RNC INTERFER- 
ENCE MESSAGE 600 would have an identifier for cell 
2272^1; the fourth octet would have an interference value for 
cell 2272,j; the fifth octet would have an identifier for cell 
2272 3! ^he sixth octet would have an interference value for 
cell 2272,3. The RNC INTERFERENCE MESSAGE from a 
reporting RNC has a pairing of octets for each of N cells 
owned by the reporting RNC and which are adjacent to the 
border 231 between the areas controlled by the respective 
RNCs. 

[0054] Transmission of the RNC INTERFERENCE MES- 
SAGE can be triggered by any of several techniques. For 
example, as indicated by arrow 5-6fl of FIG, 5, transmission 
of the RNC INTERFERENCE MESSAGE can be periodi- 
cally triggered by a timer maintained by radio network 
controller (RNC) 2222- Alternatively, radio network control- 
ler (RNC) 2222 can transmit the RNC INTERFERENCE 
MESSAGE in response to a request (indicated by arrow 
5-6i)) firom radio network controller (RNC) 222,. Once 
triggered, transmission of the RNC INTERFERENCE MES- 
SAGE from radio network controller (RNC) 2222 to radio 
network controller (RNC) 222^ occurs as shown by arrow 
5-7 in FIG. 5. 

[0055] In the illustrative architecture of a radio network 
controller (RNC) 222 as herein described, the RNC INTER- 
FERENCE MESSAGE from RNC control unit 242 of radio 
network controller (RNC) 2222 is routed through switch 240 
to RNC interface 246 of radio network controller (RNC) 
222 for application to inter-RNC transport link 232. At radio 
network controller (RNQ 222, the RNC INTERFERENCE 
MESSAGE is received at its RNC interface 246 and routed 
through its switch 240 to its RNC control unit 242. 

[0056] As shown by step 5-8 of FIG. 5, RNC control unit 
242 of radio network controller (RNC) 222 ^ uses the mea- 
suremenU received in the RNC INTERFERENCE MES- 
SAGE obtained from radio network controller (RNC) 2222 
to update a cell interference table 900 (see FIG. 9) which it 
maintains. The cell interference table 9(M) has M number of 
records, each record having a pairs of entries. A first entry of 
each record includes information for identifying a cell; the 
second entry of each record stores an interference value for 
the associated cell identified in the first entry of the same 
record. The cell interference table 900 has records for (1) 
each cell having base stations controlled by the RNC, as well 
as for (2) cells which neighbor the cells having base stations 
controlled by the RNC. Thus, in the example of FIG. 2, the 
cell interference table 900 stored at radio network controller 



(RNC) 222^ has records for each of cells 227^ , through 
227^^ as well as for cells 2272^^ and 22723. 

[0057] Thus, at step 5-8, when a RNC INTERFERENCE 
MESSAGE is received from another RNC as in step 5-7, the 
RNC which receives the RNC INTERFERENCE MES- 
SAGE uses the cell identifiers and interference values stored 
in the received RNC INTERFERENCE MESSAGE to 
update the cell interference table 900 maintained at the 
receiving RNC. 

[0058] From time to time the RNC control unit 242 of 
radio network controller (RNC) 222i will have to perform a 
decision process (depicted by step 5-9). The decision pro- 
cess of step 5-9 can be, for example, a call admission 
decision or a call congestion decision. 

[0059] Basic steps involved in a call admission decision 
are shown in FIG. 7. It is again assumed, for sake of 
example, that RNC control unit 242 of radio network 
controller (RNQ 222, is involved in a caU admission 
decision respecting a call setup requested by a mobile station 
in cell 227, 3, in which case interference measurements from 
neighboring cells 2272 ^ and 2272;3 would be pertinent. 

[0060] Step 7-1 of the call admission technique of FIG, 7 
indicates that a connection setup request has been received 
by radio network controller (RNC) 222,. In the example 
imder discussion, the connection setup request has been 
received from a mobile station now situated in cell 227, 3. 

[0061] At step 7-2 the RNC controlling the call, i.e., radio 
network controller (RNC) 222^ in the scenario of FIG. 2, 
computes a threshold ("THRESHOLDl"). In the illustrated 
embodiment, THRESHOLDl is computed on the basis of 
the maximum tolerable uplink interference for the cell, 
minus the predicted uplink power caused by the particular 
connection (based on e.g., its bitrate and bit error rate). 

[0062] At step 7-3, the RNC control unit 242 of radio 
network controller (RNC) 222^ consults the cell interference 
table 900 which it maintains to determine the uplink inter- 
ference for the requesting cell (e.g., cell 227, 3 in the present 
example). Then, at step 7-4, RNC conU-ol unit 242 of radio 
network controller (RNC) 222, determines whether the 
interference in the requesting cell is less than THRESH- 
OLDl. If the interference in the requesting cell equals or 
exceeds THRESHOLDl, the call setup request is rejected as 
indicated by step 7-5. Thus, the call setup request is denied 
if the cell in which the call would originate already has 
excessive interference. 

[0063] Even though interference may not be a problem in 
the cell in which the call would originate, the RNC control 
tmit 242 of radio network controller (RNC) 222^ makes a 
further interference determination regarding interference in 
neighboring cells (e.g., cells neighboring the cell in which 
the call would originate). In this regard, at step 7-6 the RNC 
control unit 242 of radio network controller (RNC) 222, 
makes a list of cells which border or neighbor the cell in 
which the call would originate. In the context of the present 
example illustrated with reference to FIG. 2, at step 7-6 a list 
including cells 227, 2272 1> 221^ g is complied, since 
all these cells neighbor ceU 227, 3. Such a list is easily 
composed in view of knowledge by RNC control unit 242 of 
radio network controller (RNC) 222, of the network topog- 
raphy. 
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[0064] The RNC control unit 242 of radio network con- 
troQer (RNC) 222^ performs a loop comprising steps 7-7 
through 7-9 for each of the cells listed at step 7-6. The loop 
of FIG. 7 is conducted separately for each neighboring cell. 
At step 7-7, the RNC control unit 242 of radio network 
controller (RNC) 222j computes another threshold value, 
particularly THRESH0LX)2 for the neighboring cell. In the 
illustrated embodiment, THRESH0LD2 is computed on the 
basis of the maximum tolerable uplink interference for the 
neighboring cell, minus the predicted uplink power in the 
neighboring cell caused by the particular connection (based 
on e.g., its bitrate, bit error rate, and distance to the neigh- 
boring cell). At step 7-8 a check is performed to determine 
whether the interference for the respective cell (obtained 
from the second field of the record in cell interference table 
900 for the respective cell) is less than THRESH0LD2. If 
the check of step 7-8 is affirmative, execution of the loop 
continues until it is determined at step 7-9 that the last 
neighboring cell (e.g., the last cell on the list developed at 
step 7-6) has been checked. When the last cell on the list has 
been checked, at step 7- 10 the RNC control unit 242 of 
radio network controller (RNC) 222^ proceeds to admit the 
call, i.e., to permit setup of a radio connection. If, on the 
other hand, it is determined that the check at step 7-8 is 
negative for any neighboring cell, at step 7-5 the connection 
setup request is rejected. 

[0065] Thus, in the above scenario, in the loop including 
step 7-8, step 7-8 would be performed for each neighboring 
cell prior to a connection being successfully setup. In the 
example of FIG. 2 (where the setup request is from cell 
227^ 3), therefore, step 7-8 would be performed for each of 
cell 227i 2272,,, 22723- 

[0066] Another example of the type of decision performed 
by the decision process of step 5-9 is that of a congestion 
control decision. Congestion control attempts to lower the 
interference level in the system, hence forcing the system 
back to a stable state. In general, this can be done by 
lowering the bit rates for the mobile stations or putting the 
connections to mobile stations in a queue or the like and 
permitting them to reenter the system only when the system 
has a lower load. Conversely, the bit rates can also be 
increased if the current system load is low. 

[0067] In accordance with the present invention, a first 
RNC (such as radio network controllers (RNC) 222^) can 
inform a second RNC (e.g., radio network controller (RNC) 
222j) of congestion in a cell managed by the first RNC. That 
is, the interference measurement values obtained by a radio 
network controller (RNC) 222 in a RNC INTERFERENCE 
MESSAGE from another radio network controller (RNC) 
222 can also be used to trigger congestion conU'ol functions. 
The congestion control function, also performed by RNC 
control unit 242, justifies continuation of on-going calls, or 
modifies on-going calls if necessary, to result in less inter- 
ference. Actions taken by RNC control unit 242 can be, e.g., 
decreasing output power from a mobile station (which also 
decreases cormection quality); decreasing the bit rate on 
variable bit rate types of connections with tolerance delay; 
and even discormection of calls. 

[0068] Basic steps involved in an example congestion 
control technique is shown in FIG. 8. Step 8-1 shows that 
inference measurements for a neighboring cell k is received 
at RNC control unit 242 of radio network controller (RNC) 



222 J. In the illustration of FIG. 8, the "neighboring cell k** 
can be, for example, cell 2272 3 ^IG, 2. The inference 
measurements for a neighboring cell k are included in an 
RNC INTERFERENCE MESSAGE, such as the cell con- 
dition message shown in FIG. 2. The generation and trans- 
mission of the inference measurements for a neighboring 
cell k is understood with reference to the foregoing discus- 
sion concerning, for example, FIG. 2 and FIG. 5. 

[0069] At step 8-2 RNC control unit 242 of radio network 
controller (RNC) 222^ compares the measured interference 
value for cell k (received at step 8-1) with a value THRESH- 
OLDk. The value TRESHOLDk is based on the maximum 
acceptable uplink interference for ceU k, until actions have 
to be taken in neighboring cells. At this point, it is noted that 
an internal congestion control in neighboring cell k will have 
previously attempted to reduce the uplink power caused by 
connections within that cell. The value of THRESHOLDk 
shall likely be quite high (or at least the interference shall be 
above THRESHOLDk for a long time) before actions are 
taken. 

[0070] If the measured interference value for cell k as 
determined at step 8-2 does not exceed the value of 
THRESHOLDk, no action need be taken (as reflected by 
step 8-3). If the contrary is true (i.e., if the measured 
interference value for cell k as determined at step 8-2 does 
exceed the value of THRESHOLDk), the remaining steps of 
FIG. 8 are performed. 

[0071] At step 8-4 RNC control unit 242 of radio network 
controller (RNC) 222 1 determines a difference D between 
the measured interference value for cell k (as received at step 
8-1) and the value of THRESHOLDk. In other words, 
D=INTERFERENCE-THRESHOLDk. Then, at step 85 the 
RNC control unit 242 of radio network controller (RNC) 
222 develops a list of all connections (controlled by source 
radio network controller (RNC) 222^) in cells having ceU k 
as a neighbor. In the illustration of FIG. 2, assuming ceU k 
to be cell 2272^3, the list would include connections in cell 
227i 3. After developing the hst of step 8-5, an ACCUMU- 
LATED POWER REDUCTION VALUE (APRV) is initial- 
ized at step 8-6. 

[0072] After developing the list of step 8-5 and the ini- 
tialization of step 8-6, the RNC control unit 242 of radio 
network controller (RNC) 222^ performs a loop comprising 
step 8-7 through step 8-10. At step 8-7, RNC control unit 
242 of radio network controller (RNC) 222^ picks (from the 
list of step 8-5) the cormection having the highest bitrate. 
Then, at step 8-8 the RNC control unit 242 of radio network 
controller (RNC) 222 j reduces the bitrate for the connection 
picked at step 8-7. The bitrate reduction is by a factor R 
(e.g.,R-2). 

[0073] At step 8-9 RNC control unit 242 of radio network 
controller (RNC) 222, calculates the uplink power reduction 
(UPR) at cell k resulting from the reduction of step 8-9 (the 
bitrate reduction for the connection having the highest 
bitrate). This UPR value is added to the ACCUMULATED 
POWER REDUCTION VALUE (APRV) at step 8-10. If the 
ACCUMULATED POWER REDUCTION VALUE 
(APRV) is greater than or equal to the difference D (sec step 
8-4), the congestion in cell k has been satisfactorily reduced 
for the time being to a tolerable level. 

[0074] Should ACCUMULATED POWER REDUCTION 
VALUE (APRV) remain below the difference D as deter- 
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mined at step 8-11, the loop of step 8-7 through step 8-10 is 
again performed, this next execution of the loop likely 
choosing another connection at step 8-7 as the connection 
having the highest bitrate. 

[0075] It should be understood that the steps of FIG. 8 
can, and likely are, performed for each cell not controlled by 
source radio network controller (RNC) 222^ but which 
neighbors a cell controlled by source radio network control- 
ler (RNC) 222j, provided such neighboring cell is having 
congestion and requires assistance of source radio network 
controller (RNC) 222^ in the control of such congestion. 

[0076] As indicated above, in the example embodiments 
RNC INTERFERENCE MESSAGES are sent over the 
inter-RNC transport link 232 between neighboring 
exchanges (e.g., between neighboring RNCs). Preferably 
such messages are sent using common channel signaling. 
The interference measurements do not have any relation of 
any specific ongoing call, and therefore can be sent on any 
hnk between the neighboring exchanges. 

[0077] The present invention thus permits improved call 
admission control for calls which are being setup near 
exchange borders. In this regard, as explained above, the call 
admission process of the present invention utilizes as input 
not only radio interference information in the cell where the 
call is setup, but also radio interference information in cells 
which neighbor the cell where the call is setup. The present 
invention provides radio interference information from 
neighboring cells even in situations in which the neighbor- 
ing cell is controlled by another exchange, e.g., another 
radio network controller (RNC). 

[0078] It should be understood that other types of data can 
be provided in an RNC MEASUREMENT MESSAGE of 
the present invention. Some of these other types of data may 
not be measured by a base station, but instead obtained by 
an RNC. Examples of such RNC-obtained data which can be 
included in an RNC MEASUREMENT MESSAGE is RNC 
load (such as the actual load served compared to the maxi- 
mum load, e.g., in percent). 

[0079] Thus, advantageously, the present invention pro- 
vides improved call admission control. Moreover, the 
present invention tends to avoid unnecessary inter-exchange 
handover attempts. The load between exchanges can be 
evened by initiating inter-RNC handover when the load of 
the exchanges differs. 

[0080] In addition, the present invention provides benefi- 
cial congestion control, taking into consideration congestion 
in a cell caused by cormections which are not controlled by 
the RNC which controls the congested cell. 

[0081] While the invention has been described in connec- 
tion with what is presently considered to be the most 
practical and preferred embodiment, it is to be understood 
that the invention is not to be limited to the disclosed 
embodiment, but on the contrary, is intended to cover 
various modifications and equivalent arrangements included 
within the spirit and scope of the appended claims. 

What is claimed is: 

1. A telecommunications network having an exchange 
which performs a network decision, and wherein the net- 
work decision utilizes, as input, cell condition information 
from another cell 



2. The telecommunications network of claim 1, wherein 
die another oeU neighbors the cell where the call is setup. 

3. The telecommunications network of claim 1, wherein 
the another cell is controlled by another exchange. 

4. The telecommunications network of claim 3, wherein 
the cell condition information from the another cell is 
transmitted between exchanges using common channel sig- 
naling. 

5. The telecommunications network of claim 3, wherein 
the cell condition information is measurement data, and 
wherein the another exchange sends a message which 
includes measurement data for plural cells controlled by the 
another exchange. 

6. The telecommunications network of claim 3, wherein 
the another exchange sends a message with the cell condi- 
tion information from the another cell, and wherein trans- 
mission of the message occurs al the initiative of the another 
exchange. 

7. The telecommunications network of claim 3, wherein 
the another exchange sends a message with the cell condi- 
tion information from the another cell, and wherein trans- 
mission of the message occurs in response to a request from 
the exchange which makes the network decision. 

8. The telecommunications network of claim 3, wherein 
the cell condition information is related to radio interference 
in the another cell, 

9. The telecommunications network of claim 1, wherein 
the cell condition information is related to radio interference 
in the another cell. 

10. The telecommunications network of claim 1, wherein 
the exchange is a radio network controller. 

11. The telecommunications network of claim 1, wherein 
the network decision is a call admission decision. 

12. The telecommunications network of claim 1, wherein 
the network decision is a congestion control decision. 

13. The telecommimications network of claim 1, wherein 
the network decision utilizes, in addition to the cell condi- 
tion information from the another cell, cell condition infor- 
mation regarding the cell where the call is setup. 

14. A method of operating a telecommunications network 
having an exchange which performs a network decision, 
wherein the network decision utilizes, as input, cell condi- 
tion information from another cell. 

15. The method of claim 14, wherein the another cell is a 
cell which neighbors the cell where the call is setup. 

16. The method of claim 14, wherein the another cell is 
controlled by another exchange. 

17. The method of claim 16, wherein the cell condition 
information from the another cell is transmitted between 
exchanges using common channel signaling. 

18. The method of claim 16, wherein the cell condition 
information is measurement data, and wherein the another 
exchange sends a message which includes measiu-ement data 
for plural cells controlled by the another exchange. 

19. The method of claim 16, wherein the another 
exchange sends a message with the cell condition informa- 
tion from the another cell , and wherein transmission of the 
message occurs at the initiative of the another exchange. 

20. The method of claim 16, wherein the another 
exchange sends a message with the cell condition informa- 
tion firom the another cell, and wherein transmission of the 
message occurs in response to a request from the exchange 
which makes the network decision. 
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21. The method of claim 16, wherein the cell condition 
information is related to radio interference in the another 
cell. 

22. The method of claim 14, wherein the cell condition 
information is related to radio interference in the another 
ceU. 

23. The method of claim 14, wherein the exchange is a 
radio network controller. 

24. The method of claim 14, wherein the network decision 
is a call admission decision. 



25. The method of claim 14, wherein the network decision 
is a congestion control decision. 

26. The method of claim 14, wherein the network decision 
utilizes, in addition to the cell condition information from 
the another cell, cell condition information in the cell where 
the call is setup. 



« « « * * 
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